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CHART  4.  DIFFERENT  NUCLEAR  ENVIRONMENTS 


Neutron-Decay  Betas 


a  •§ 

JB  S 

O.  b 

co  ‘2 
O  w 

£  « 
*-*  .c 

V  JZ 


•>  in 
'$■  4> 

> 

.  co 

a  s 

J£  m 

D.  ° 
co  O 
O  j= 
£  " 


i>  o 

IS  c 


3  « 

O  3 

I  | 

5,  s 


I  is 

«J  C  "O 


S3  .2 

c  .2 

«  '-o 


v.  —  "O 

o  «  c 

•77>  P  3 

6  1  I, 

i  i  a 

I  *  1 

<D  —  ^ 

u.  -2  </j 

o>  5  w 

r  -O  CJ» 

u 

£  C  tJ 

«  A  v. 


2  CO  »- 

-C  fli 

a.  ^ 

1/5  »«■*  w 

o  „  o 

EU 

I-  <Si 

«  W  rt 


00  no 
*>  c 


.g  & 

«J  V 


co  in  c 

C  4)  D 

O  to 


CO  U  <U 

00  ^  ^ 

■  3 

■71  C.  in 

co 

V  o  -o 

vL,  00  . 


CO  J= 

y 


. :  w 

i  E  K 

—  S&  « 

rt  (j^  -C 

5  BS 

*■*  "  (O 

>  o  — ' 

o  '£  .2 

—  2  j= 

o  •£  ~ 

^  in  ~a 


C0  V 

O  h 


«  § 


2  oo 

1c  'in 


C  £  P 

t>  o  c 

S  <2  g 

£  tJ  53 

CO  ^  (/5 

v  c 

■S  £  s 

E  £  2 


"  -a 
8  o 

w  4-^ 


•  O 

o  ^ 
r=-  -C 
1>  60 
>  C 


eo 

>  •£ 


ou  e 
co  »  C 

J&  -o  * 

Ilf 


4-^ 

<u 

C3 

W 

•c 

tu 

c3 

a- 

. 

> 

o 

ca 

CjJ 

c 

ka 

<D 

_C 

a> 

TD 

U 

s 

N 

•C 

C 

o£ 

o 

to 

* 

C3 

*S5 

C 

c3 

u. 

<u 

.9 

-C 

D- 

o 

£ 

T3 

C 

cO 

•o 

5 

* 

c 

CO 

cd 

a 

O 

o 

o 

s  :g  & 

£  5  _g 

U-.  O  S 

“  s  g 

3  in  O 

o  «  £ 

73  3  *- 

g  co  * 

c  -2  § 
j§  .3  S 

-S-g 

o  .>  ^ 

00  ■>  to 

S  §  .2 

S  M  A 


o 

<U  73 


§  3 


co  ’S 
to  3 

v  2 
— <  to 

►»  >> 

=3 

.2  >. 

a. 

>.  o 


■3  J 

3 

> 

8. 

p 

Q. 

C 

<  ; 

*-* 

c 

< 

£ 

c3 

ed 

c 

a. 

S/J 

c 

« 

aj 

3 

a> 

o 

C/5 

cd 

u 

■o 

E 

CHART  5.  LEVELS  OF  UNDERSTANDING  OF  NUCLEAR 
ENVIRONMENT-HIGHLY  SCHEMATIC 
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Chart  5  attempts  to  indicate  our  level  of  understanding  of  different  kinds  of  environments.  It  is  difficult  or  impossible  to 
do  this  in  a  quantitative,  generic,  and  yet  meaningful  way  because  the  significance  of  a  specific  quantitative  uncertainty  depends 
on  the  application  and  on  the  particular  user. 
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CHART  6.  DATA  BASE 
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Chart  6  summarizes  the  available  data  base  relevant  to  nuclear  explosions.  Because  of  the  Atmospheric  Nuclear  Test  Ban 
Treaty,  there  have  been  no  U.S.  (or  USSR)  atmospheric  nuclear  explosions  since  1962.  Before  this  there  were  many  tests  at  low 
altitude,  ranging  from  the  surface  up  to  20  km  and  providing  a  substantial  data  base-see,  e.g.,  Glasstone,  1964.  There  were 
three  U.S.  tests  in  the  intermediate  altitude  region  (30-90  km,  in  1958  and  1962),  and  three  high-altitude  bursts  (90-400  km).3 
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The  altitude  of  intermediate  and  high-altitude  bursts  is  shown  in  Chart  12.  Note  that  there  were  also  the  high-altitude  Argus  tests,  but  the 
instrumentation  was  so  limited  that  little  or  no  usable  data  is  available  iiom  them. 

Both  large  size  and  also  cooled  walls  reduce  the  importance  of  surface  reactions. 


Many  required  data  on  HANEs  are  not  available,  both  explicit  multiburst  effects  such  as  "Heave"  (which  were  not 
understood  before  the  late  1970s),  and  also  there  are  no  LWIR  data.5  IR  detectors  at  that  time  were  of  such  low  sensitivity  that 
the  concept  of  thermal  (LWIR)  detection  of  ballistic  missiles  was  not  considered  feasible  before  the  early  1970s. 

"Heave"  is  a  particular  effect  of  a  HANE-downward-traveling  radiation  (X-rays,  UV  radiation,  charged  particles)  are 
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Jack  Carpenter  states  that  "Liquid  Helium  cooled  (4K)  Gold-doped  Germanium  scanners  and  spectrographs  were  used  in  the  1958  Hardtack  Test 
Series.  The  data  were  not  handled  well,  so  most  were  not  useful.  However,  the  reason  LWIR  experiments  were  not  attempted  on  Fish  Bowl  (1962) 
was  due  to  a  lack  of  support  by  the  Theoretical  community.  It  was  largely  held  that  there  was  no  infrared  to  be  observed! ..." 


CHART  8.  THREE  INDEPENDENT  SETS  OF  UNCERTAINTIES: 


The  architect,  designer,  or  other  user  of  environmental  information-see  Chart  2-needs  this  information  to  determine 
survivability  or  operability  in  the  case  of  a  specific  nuclear  threat.  There  are  three  independent  sets  of  uncertainties,  namely: 


THERE  ARE  DIFFERENT  TYPES  OF  THREAT  SCENARIOS  MADE  UP  OUT  OF  DIFFERENT  TACTICAL  ELEMENTS: 
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The  threat  is  inherently  variable--the  system  has  to  operate  against  a  series  of  threats  which  change  with  time.  We  list 
different  types  of  threat  scenarios,  and  also  indicate  the  canonical  SDS  threats  which  tend  to  change  with  time. 

The  different  threat  tactics  are  defined  on  p.  9,  supplementing  Chart  2. 
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CHART  10.  UNCERTAINTIES  IN  HIGH-ALTITUDE  NUCLEAR 

CODES 
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FOR  THREAT/ENGAGEMENT  LEVEL  APPLICATIONS  IT  IS  NORMALLY  NECESSARY  TO  USE  FASTER  BUT 
LESS  PRECISE  ENGAGEMENT-LEVEL  CODES  (e.g.,  PEM,  IRSIM.  HISEMM,  NWE.DAT,  TREM)  WHICH  ARE 
BASED  ON  NORSE  OR  SCENARIO. 


DNA's  high-altitude  phenomenology  codes  fall  into  three  different  levels  of  sophistication.  There  are  first-principle  codes 
(e.g.,  MICE/MELT,  MICE/SALE)  which  attempt  to  account  for  all  the  important  physics,  but  which  require  too  much  computer 
time  to  be  run  very  frequently.  There  are  physics-based  engineering-level  codes  (NORSE  and  SCENARIO)  which  are  also 
normally  run  on  CRAY-class  supercomputers,  preferably  by  people  who  are  familiar  with  the  peculiarities  of  these  codes  and 
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CHART  11.  BASIC  UNDERLYING  UNCERTAINTIES  IN 

BOMB  OUTPUT 


CHART  12.  NORMAL  AND  HEAVED  ATMOSPHERIC  DENSITY  AS 

FUNCTION  OF  ALTITUDE 


UJ 

X 

1- 

UJ 

X 

H 

o 

z 

< 

o 

z 

< 

> 

h 

CO 

h 

CO 

> 

X 

►— 

X 

o 

m 

< 

x 

£ 

< 

_j 

o 

• 

CO 

o 

u> 

X 

o 

O 

H- 

X 

O 

Q 

Z 

z 

< 

a 

z 

5: 

o 

_j 

o 

a 

CO 

UJ 

o 

1- 

X 

X 

O 

o 

o 

Z 

UJ 

Q 

Z 

o 

£ 

-J 

a. 

Ol 

CO 

UJ 

UJ 

x 

X 

X 

K 

o 

o 

o 

z 

>- 

o 

H 

_l 

0) 

< 

z 

UI 

„ — 

a 

o 

JO 

i- 

z 

X 

UJ 

> 

a) 

£ 

< 

CO 

z 

UJ 

X 

UJ 

Q 

H 

Q 

£ 

UI 

ffi 

o 

X 

X 

3 

CO 

*- 

UJ 

X 

UJ 

< 

x 

IU 

z 

UJ  UJ 

o  cc 
< 


< 

o 


5  o. 


CO 

s 

Z 

o 

H 

< 

-I 

s 

m 

o 

I| 

UJ  > 

o  $ 

M  s 

o  o 

cc  « 

t  « 

0)  UI 
H  Jr 
CO  < 
DC  ^ 

2  05 
CD  uj 

Si 


=  £ 

1  § 

O  Q 

UJ  UJ 

°  s 

o  § 
o 

r 

w  Q 
x  UJ 

UJ  < 

<  y 

2  a 

X  £ 


JU.TmJOt.bn  ALTITUDE,  km 


Chart  12  discusses  "Atmospheric  Heave,"  the  rapid  buoyant  rise  of  the  atmosphere  above  100-200  km  (at  speeds  of  order 
10  km/sec)  resulting  from  the  absorption  of  bomb  energy  in  the  100-200  km  altitude  range.  We  show  : 

•  Ambient  atmospheric  density  as  function  of  altitude  corresponding  to  low  and  high  solar  activity. 
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Chart  13  shows  the  ambient  ionosphere,  the  ionization  5  minutes  after  a  single  1  Mt  detonation  at  150  km  (Hain  et  al., 
1985),  which  is  labeled  SI(1),  and  the  ionization  after  the  60  and  1000  detonations  of  SCENARIO  run  MS- 1.1,  which  are  labeled 
PI(60)  and  HI(1000)  in  Chart  13  as  compared  with  the  neutral  densities  PT(90)  and  HT(1000)  of  Chart  12.  We  also  show  the 
results  of  a  single  burst  MELT  code  run  (from  White  et  al.,  1987b) — 1  Mt  at  200  km-at  30  minutes  and  3  hours  after  the  burst, 
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1 0  Fluctuations  in  electron  density  are  also  important,  and  must  be  modeled  appropriately. 


DETAILS  OF  BOTH  HEAVE  AND  STRUCT! 


Chart  15  points  out  the  physical  effects  that  affect  both  the  electromagnetic  wave  propagation,  where  our  understanding  is 
relatively  adequate,  and  also  the  high-altitude  IR  background  or  "Redout,"  which  is  subject  to  considerably  larger  uncertainties- 
because  there  are  no  direct  test  data  available.  The  IR  signature  is  due  in  part  to  plasma  radiation,  which  is  affected  by  the  same 
factors  as  is  electromagnetic  wave  propagation,  and  in  part  to  molecular  radiation  which  is  subject  to  different  factors,  such  as 


CHART  16.  CLOSING  COMMENTS 
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Note  that  the  present  discussion  is  largely  qualitative  because  it  is  impossible  to  give  quantitative  estimates  that  are  both 


BIBLIOGRAPHY 


9  g 
A  E 


in  _ 

10  o 
m  « 
m  o. 

S  ■§ 

Cl.  <u 
<D  jS 

05  - 

O  BO 

E  .£ 

<U  N 

S  a 

*— }  -B 
C5  g> 

Z  E 

r  w 

j£  * 

3  .2 

vi  ■> 

«  5 

05  qJ 

.2  < 

w 

iS 

"5  «  . 

E  £  o 
.5  c  e'¬ 
en  .SON 

E  8.6 

H  u| 

a  « x 

3  v° 

C  if' 

'S  -8§ 

C  3  2 

§  2  J2 
S  <3 
«  a  — 

g 

£  33.2 

u  .  « 

S  ^Z 

%  ps 

■3  c  1 

C  V  VI 

•a  ©  q 

X 

^  s’ 


H 

LU 

O 
.  Cu 

i--  . 

r~- 

On 

—  3 

u 

JO  >> 

E  •§ 

4)  2 

g  cn 


u*  g 
©  E 

<n  <u 

T  3 

<  S3 

z  « 

Q  2 

i  i 

?  1 

VJ  BO 

ts  -* 

3  ,2 
oj  n 

«a  ■§ 

«  s  . 
0  w  © 
^  «« ?*• 
z 

«  3  < 

■2  SQ 


2  “6 

Si£ 


rv^ 

.2  S> 

i^sj 

P  jS 

- 

«  g  ti- 

T3  H 
C  vi  Lj 


X  H 
Q  £ 


<“  2 

5  fr 

Q  < 
Q  Z 
w  Q 


00  c 

w  .2 

e*  s 

H  *3. 


P  S 

U-l  rt) 

&  o 
o  2 

oo  n< 

©  i> 

"*  -o 
S'  2 

S-  ^ 
-a-  x: 
oo  op 

©  X 


f*  = 

j  ® 

2  5 
►*2  ^ 

B 

I  l< 

S  ug 

£2  OQ 

a  zi 

*r  u£ 

8 


■s  <g 

?  «rS 

_r  “u 

CO  4)  to 

S  S52- 
•B  ig  rf 

2  f" 

^  OO 

05  •  © 


o  d. 
^  xT 
•o* 

81 

18. 


<g 

<Q 
Z:  2 
Q 

OO  w  P* 

2  8< 
r  -O  Q 

-r.^  D 
^  —  w 


.S§3 

ils 


1 1  This  is  a  revision  of  the  Second  Edition  of  1962;  there  is  a  new  Third  Edition  of  1977,  but  while  it  gives  a  more  up-to-date  description  of  the 
models,  this  is  not  as  good  as  the  Second  Edition  as  far  as  describing  the  observed  phenomena  is  concerned. 

12  This  is  Volume  1  of  a  7- Volume  set  which  reviews  the  accepted  state  of  the  art  of  summer  1986. 
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Overpressure  •  Gamma  ftuence  •  Sustained  gamma 

Dynamic  pressure  •  Peak  gamma  flux  •  Sustained  thermal 

Air  velocity  •  X-ray  fluence  •  Sustained  beta 


APPENDIX  B 

RESULTS  FROM  THE  SCENARIO  COMPUTATION  FOR  MASSIVE 
MULTIBURST  CASE  MS-1.1  (WHITE  et  al.,  1987A* ) 


Since  these  computations  were  done,  there  have  been  changes  in  the  SCENARIO  code  which  reduce  the  total  density  and  ionization  by  up  to  a 
factor  2-3.  The  difference  is  not  significant  within  the  total  accuracy  of  the  calculations. 


FIGURE  B.l.  TOTAL  MASS  DENSITY  AT  T  =  1  MINUTE  (AFTER 
60  BURSTS)  AND  AT  T  =  16.7  MINUTES  (AFTER  1000  BURSTS) 


Contour  Value*  (q«/aa 


